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clear that under such conditions the wind estimate from 
either map A or B would be somewhat in error, assuming 
the gradient-wind conditions obtained. Nevertheless, 
when we consider that the difference between the sea- 
level map and those for the upper level is so striking, and 
that the differences between individuals A, B, and C are 
so small, there is little doubt that the important and sig- 
nificant features of the true isobaric distribution n t  the 
u per level are de icted. The anomalous loops, such as 
t at about Royal enter, Incl.. on ma A, when based on 
a single station, are easil reco nize as erroneous and 

sary, and i t  is contended that if the type of map exein- 
pliffed by map B were used-that is, if the aerological 
stations were not used but newby regular stations sub- 
stituted, so far as possible-the resulting maps would be 
highly accurate and dependable so far as free-air baro- 
metric gradients are c.oncerned. This procedure is sug- 
gested in further activities of this character. 

x R e 
allowance can be made. 5 H  ut  t iis should not be neces- 

CONCLUSION. 

An effort has been made in this paper to set forth 
clearly and impartially the resu1t.s of n st,at,ist,ical e s m -  
ination of a three months’ series of free-air pressure maps. 
It was first shown t.hat a very large pe.rcent.nge of com- 
parisons between observed and computed pressures lay 
within small error limits, better results being obt,ninerl 
a t  the 3,281-foot than s t  6he 6,563-foot level. Wit,h 
all the uncertainties of the gradien t-wind assunipt.ions 
and the short-period vagaries of bhe observed mind, an 
extreme1 high percentage of a meeiiient (practically the 

niated from the isobaric charts of the frce air, nncl t.hat 
observed by ilot balloons. The average velocity of the 
wind falls o # appreciably wit.h the larger errors of esti- 
mated wind direction, so that, usually, when a. serious 
error of estimat.ion is made, t.he velocity of the wind is 
so small as to render the wind direct,ion inconsequential. 
This is es ecially significant. in est,iniat.in winds for 

.betrween maps drawn with and witliout. the aerological 
stations and also with the obserred ressures nt, aerolog- 

sions might be clra.wn from each. 
It was stated in the beginning that! if the niaps c.oultl 

be proved t.o be accurate t,heir scient.ific value would 

same a t  SI 0th levels) was foun r between the wind est,i- 

aircraft. 6 n  the poorest. c1a.y nrnilnble t % e difference 

ical stations was so small t.hat 1it.t. I; e-r!iffering conclu- 

stand unchallen ed. If this discussion of the accuracy 

is here provided a means of knowing, quite independently 
of current aerological observat;ion, the current wind 
conditions in the free air over large areas of the country, 
whether the weather be clear or cloudy. At present, 
the pilot-balloon stations telegraph the free-air winds as 
soon as possible for the use uf the forecaster. Often such 
observations are impossible because of cloudiness, rain, 
snow, or fog. When used in conjunction with the aero- 
lo ical reports, these charts should constitute a most 
v 3 uable means of weaving the various reports into a 
cont,inuous pressure system, a speculative and uncertain 
matter a t  present. The advantage of such maps for 
aviation is obvious. 

It would be quite impossible, even if it were within 
t.he scope of this paper to discuss the point, to indicate 
the precise manner in which these charts should be 
utilized in general forecasting. That must be deter- 
mined by actual trial; and by actual trial is meant day- 
to-day telegraphing of freepair pressures in order that 
the may be available to the forecaster for comparison 
wit K other d a h  while the current weather situation is 
fresh in mind. It is common knowledge that the powth 
of aviation implies increasing demands u on t,he IV eat,her 

be employed to acquire esperience and familiarity with 
actual physical processes in the free air, while the science 
of aeronautical meteorology is yet in its infancy? The 
day will come when this knowledge will be recluned, and 
since it can only be acquired by e s  erience it is the 

This trial should continue for at least a year, and, during 
that time, all possible constructive cribicism should be 
hrou lit to bear upon the maps. 

9ca.,1o.wle~~~.ents.--The large amount of observational 
data used for coni arison purposes in this paper could not 

of Mr. L. T. Sttniuels, Mr. W. C. Haines, and t.lieir asso- 
ciates in the Aerological Division of the Weather Bu- 
reau. They manifested considerable personal in teres t 
in 

of the maps has % een convincing, it will be seen that there 

Bureau. Is it not essential, therefore, t % at every means 

esercise of foresight to inake a practica T trial of the maps. 

hare been assenib Y ed without the ent.liusiast,ic assistance 

data and in ferret,ing out the r act.s concerning 

h e  resu1t.s and contributed innny helpful su 
t.ions; tJiey were particularly rompt,, also. in supp 

e.i-rors. For this cooperat.ion the aut,lior 
earnest thanks. 

COX ON THERMAL BELTS AND FRUIT GROWING IN NORTH CAROLINA.’ 

By ALFRED J. HENRY. 
[Weather Bureau, Washington, D. C., May 7, 1923.1 

NoTE.-According to custom an abstract and review of MONTliLY 
WEATHER REVIEW SVPPLEMENT Wo. 19 is presented below. Theae 
SUPPLEMENTS contain the resulta of the more comprehensive studies 
made b Weather Bureau officials or others. They appear at, irregular 
i n t e n d  and are generally too voluminous to appear in the REVIEW 
proper. 

As a result. of economies in print.ing that have recently become 
effective the edition of the SUPPLEMENTS is not large enough t,o supply 
the regular REYIEW readers. Thc SUPPLEMENT will he sent free. 
however. to thosc who may have a practical interest in the subject 
investigated, but on1 upon a plication, and so long as the bureaus’ 
supply lasts. dft,er %at is exkusted applicants myill lie referred to 
the Superintendent of Documenta, Washington. D. C. The price of 
t.his supplement is 50 CentB.-EDITOR. 

The phenomenon of the strutification of the air tem- 
perature over valleys and the inclosin slopes was brought 
to the attention of scientific men o f the 1Tnite.d States 
~~ 

I Cox, H. J.: Thermal belts and fruit mowing in North Carolina: with an appendix: 
Thermal belts from the horticultural viowpoint. by W. N. Hutt, fonncr State horti- 
culturist, MONTHLY WEATHER REVIEW sUPPLELIENT NO. Io. 

by Silas McDowell, of Franklin, Macon County, N. C., 
more than 60 years ago. McDowell was a farmer with 
leanings toward botany and geology, who spent his 
entire life in the mountain region of western North 
Carolina. His first published account of thermal belts 
or verdant zones, as he called them, appeared in the report 
of the Commissioner of Patents for 1861. and the sub- 
sta.nce of that report was later presented to the Philo- 
sophical Societ of Washington (D. C.), by Dr. J. J. 
Chickering. d e  late Prof. John LeConte, of Berkeley, 
Calif., writing in confirmed McDowell’s obser- 
vations and added the statement that the ground in the 
thermal belts freezes in winter, a fact that might not be 
inferred from McDowell’s description. 

The esplanation of the henomena oflered by McDowell 

._ _. 
would hardly be accepte a at this time, but nwertheless 

2 lU, vol. 1, p. 278. 
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his observations, qualitative as they were, have since 
been fully confirmed. He also laid down the proposi- 
tion that thermal belta must exist in all countrics trav- 
ersed by high mountains and deep valleys. 

The evidence obtained by the use of kites and balloons 
clearly points to the fact that stratification of the atmos- 
phere aa regards temperature is not confined to moun- 
tainous regions, but also obtains over perfectly level 
surfaces on almost any winter night when the air is still. 
McDowell and other early observers used the mountains 
as a vantage ground to observe the phenomena, and in the 

differences between the ten1 erature on the slopes that 

not strange that a former State horticulturist, Mr. W. N. 
Hutt, was led to remark: 

In making mv trips over the State and in coming in contact with 
fruit growers, 1 kept up a constant quest for the elusive thermal belt, 
but, like an ignis fatuus, light and tenuous as the air, it always seemed 
to elude my graap. 

The above paragraph espresses the raison d’8tre 
for the investignt$ion undertaken by the Weather Bureau 
at  the request of the State authorities. 

were immune from frost an R those which were not, it  is 

FIG. 2.-Ellijay, ronta 

absence of information to the c,ontrary assumed that the 
mounhins must be a causative agent in producing the 
stratification observed. 

Fruit. growers in North Carolina have been d t iva t ing  
the apple and, in less degree, the peach for niany pca.rs. 
These efforts have been attended in many cases by suc- 
cess and in other caaes hy failure. Immunity from 
frost damage on certain slopes has naturally direc.tecl 
attention to what, in the vernacu1a.r of thn re inn. were 

in:1858. Lacking definite quantitative measures of the 
known a.s “thermal belts,” the term used by !i IcDowell 

ur map and proEle. 

The results of this investi a . t h  i re  set, forth in the 
publication under reviewr. bhsrrvitiona.1 work begtin 
in 1913 and was concluded in 1916, so that but four 
pears are avnilable for discussion. Unfortunately, the 
original compilations and the discussion were des troyetl 
by fire while in tramit between Washington and Chicago, 
and the entire work had t.0 be done de novo. 

The plan, in brief, contemplated the selec.tion of a 
number of slopes of different as rct in the fruit growing 
districts of western North Caroyina and to niake syste- 
matic Observations of temperature at  different elevations 
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131.5 
131.4 

upon the slopes. Eventually 16 slopes were selected 
and individual observino pdints ranging from 1 to 5 
were installed on each syope. The geographic location 
of the several slopes is shown on Figure 1. 

In  all, between 50 and GO stations were in operat,ion 
during the life of the experiment. 

It is exceedingly difficult to present, within tlie limits 
of this review a full abstract of tlie results of the four 
years' work, but i t  a pears least objectionable to present 

as an index to the complete report. 
The slope seleded is that of Ellijay, one of t.he longest 

of the experiment. The topograph? of the iiuniecliate 
region in which the stnt.ions me situat,etl is shown in 
Figure 2 and the following supplementul verbal descrip- 
tion is supplied: 

the data accumulate c r  on one of the most important slopes 

ELLIJAT. 

' 3 . 6  
1 3 . 3  
' 5 . 3  
127.0 

at some distance south of shelter on northerly slope broken and uneven 
with natural terraces here and there; valle narrow and trending in 
east-west direction. almost entirely inclosei by mountains. Station 
No. 2. in orchard. on rather steep northerly slope with ferns and weeds 
on all sides, 310 feet above stahon No. 1; timber to north, northwest, 
west and southwest; cleared land directly to east, northeast, and south- 
east. and for some distance to the south. shout 500 feet. Station No. 
3. the home station, 630 feet above station No. 1, over sod in a ple 
orchard on moderate slope though steeper ahove and helow. syope 
hroken up into rid es and h backs. Station No. 4. 1.400 feet above 
station ho. 1. in cfearing an?on edge of steep northerly slope in corn 
and potato patch; brush about l l i  feet to the west; some timber 100 
feet to the west and southwest. In winter sun shut off diiring greater 
part of day. Station No. 5, 1.560 feet shove station No. 1, a level 
field near the summit of a high knob. another prominence, Peak 
Knob. 180 feet higher than station No. 5, distant 1 ,SO0 feet to the south 
timher to the west. southwest and south. moetly dead, close hy; abrupt 
slopeB to the north and east. Ellijay Creek. near which station No. 1, 
stands. flows in  a westerly direction through a narrow valle and the 
slope on the north side is broken up into spurs and hoghack For a 
vertical distance o'f 1.7W feet between stafions Nos. 1 and 5 a t  Ellijay, 
there is a horizontal distance of about 5.100 feet, eqnivalent to an 
average grade of 19O. The grade on some portions of the slope is 
more than 30°. 

The most important observational niwterid is undouht- 
tdy that of the minimum temperstaure registered during 
each night of the observational period. The monthly 
means - _.  as summarized by the author are presented in 

tim 3,130 ........ i ............. 
N0.2. SW ................... 
N0.3 SE ................... 
No. r: SF. .................. 

(!has. G. Wnq. 0bsmver.-The Ellijay stations, on a steep nort,herly 
slope of a spur of the Cowee Mountains. the base ahtion, No. 1, being 
in the valley floor of Ellijay Creek at an elevation of 3.240 feet, while 
the high station, No. 5, is on the summit of a knoh 2,760 feet above the 
base and 4.OOO feet above sea level. Station No. 1, in a field about 
30 feet sout,h of the creek, over grass plot. at. a considerable distance 
from any t,rees: acroe~ creek to the north. st.eep high slopes. more or leas 
broken,-while to the south, slope abrupt neai t,h6 valley floor; orchard Table 1. 

TABLE l.-Auon.thiy and annzUr.1 average rninhma tenapwatwes, 1913-1916. 

[The diRerencm between the averages at the base station and those of the respective slope stations may be seen by simple inspection.] - 

March. 

- 

May. 

- 

Novem- 
ber. 

- 

DWeDl- 
ber. 

! Heiiht 
Principal and slope -stations; 1 Of she 

elevatIm of basestation above 
mem sea level. 

dpril. October. August. Annual. 

I 44.8 
145.7 
145.3 
143.4 
1 42.9 

4% 6 
45.0 
46.1 
46.4 
46.7 

41. 8 
42.6 
44. 4 
45. 8 

8. 1 
43. R 
39.3 
42.2 
41.4 

141.9 
'43.0 
14.6 
144.6 

39.7 
42. 1 

1 42.6 
142.8 

'41.6 
2 4J. 7 
2 44.4 
'45.8 
I 44.9 

44.4 
46.9 
47.2 

43.3 
43.5 
44.9 
46.4 
47.8 

Alta ass 
fin. i. station. elevation 1 

131.5 
'31.3 

128.9 
l ? s S  

32.9 
33. G 
34.7 
34. 1 
34.4 

30.2 
32.2 
32. B 
33.8 

30.3 
29.9 
27.6 

130.8 

29. n 
s n  

1 x 3  
129.5 
129.8 
1 30.8 

I 27.2 
I ?SB 
I 27.9 
I 27.1 

1 !%6 
I an. 5 
I 311.5 
I 40. n 
I 3 . 6  

32.4 
34.3 
39. 8 

32. 3 
32. n 
:L?. 6 
34.4 
34. I 

144.2 
145.3 
1 44.5 
1423 
142.1 

41.8 
43.6 

44.7 
45.4 

3% 4 
41.6 
43.7 
45.0 

41.2 
42.4 
37. 1 
4n. 5 
39.6 

39. 4 
41.3 
43. 4 
44.4 

.>,.ti 

41.1 
41.0 

39.7 
42.6 
43.2 
45.4 

144.5  

f i n  

I- 

4n. I 

41.9 
45. 1 
16.0 

40. 5 
41.2 
43. 8 
45.6 
46.9 

52. 9 

3. h 
-51. R 

.u. p 

51. a 

a 4  

;A 6 
56.7 
55.8 

.%. 6 
68.0 
59.1 

60.1 

56.1 
56.0 
57.2 
5s.4 

56.9 
57.2 
53.3 
5s. n 
55.6 

s. 7 
.w. 0 
FA. B 
57.6 

57.9 
55.4 
.56.2 
56.7 

54.7 
56.6 
57.1 
59.4 

I 58.4 

-5s. 2 

mn 

5s.n 
6n. 5 
61.2 

.%. 8 
57.2 

59.7 
61.4 

5% n 

R2.5 
63.1 
62.7 
80.5 
60.2 

60.3 
61.4 
62.4 
63.2 
63.4 

60.7 

62.5 

60.6 fo. 9 
56. 8 
.w. 
59. I 

m. 0 
.w. s 
61.2 
61.2 

5R1 
m. I 
59. 8 
60. 2 

5 a 8  
59.9 
en. 4 
62.1 

160.9 

6% 0 
M. 1 
64.6 

til. 1 
61. n 
61.8 
63.2 
61.9 

3. a 
nr. 2 

61.3 
62.1 
62.0 
60.1 
59.5 

59.8 
60.4 
61.7 
62  3 
62 6 

Bo. 6 
59.6 
(10. O 
61.8 

60. 4 
60.4 
60.3 
59.0 
1 . 5  

59. 8 
5n. 6 
W.6 
80. R 

K O  
.5R. 7 
59.4 
59.6 

58.4 
59.0 
S9.6 
61.2 

I 6 n . O  

61.6 
63. 5 
63.5 

61.0 
6n. B 
61. (1 
62.4 
67.7 

54.0 
55.5 
55.3 
53.3 
52.5 

52.6 
54.6 
55.7 
55.6 
56.3 

M 8  
51.7 
I. 4 
55.3 

!a. 6 
53.8 
48. 4 
s2. 4 
51.6 

52.6 
53.0 
53.3 
53.6 

49.6 
51.3 
52.5 
53.1 

51.1 

51.3 
55.3 

1 54.7 

54.6 
57. I1 
57.9 

57.9 
57.6 
54.2 
55.9 
57.7 

52. n 

46.3 
48. 2 

46.6 
45.2 

44.6 
45.9 
47.5 
47.9 
48.4 

43.2 
43.0 
45.3 
47.0 

45.4 
45.8 
42.2 
44. 6 
43.8 

43. 1 
44.2 
44.1 
48.0 

40.4 

44.4 
45.3 

42.5 
43.7 
45.3 
47.7 

1 48.1 

4s. 0 

43. n 

46.5 
49.3 
49.7 

45.2 
45.1 
45. 8 

49.9 
4s. n 

36.6 
36 4 
37.9 
36.2 
35. I 

34.4 
36.5 

3 8 . 8  
37. a 
3s. R 

29.7 
31. Y 
3.5. 9 
37. 5 

35.0 
36. B 
3.6 
35.0 
33.8 

130.7 
1 33.6 
1 33.7 
136.2 

213.5 
33.7 
35.2 
36.3 

31.1 
33.8 
36.7 
39.1 

137.7 

34.6 

39.8 

32.8 
33.8 
80.6 
39.1 
41.1 

3a  6 

29. 8 
30.2 
29.7 
5 . 8  
27. 4 

2 x 8  
29.5 
30.9 
30. Y 
30. 8 

26.0 
27.3 
29.1 
30.3 

27.2 
27.6 

26.2 
25.2 

1 26.5 
1 27.0 
1 3 . 2  
129.0 

24. R 
27.6 
27.3 
27.2 

27.4 
2 8 6  
29.7 
31.1 

128.6 

9 . 2  
31.2 
30.8 

27.9 
28.6 
29.7 
311.6 
32.0 

2-1. n 

3,330.. ...................... 
No 2 SE ................... I 

i .................... 
No No: .+. 3'SE SE ..., ................. 

... ..... 
S I  
500 
?so 129.4 

129.1 N0.5, SUm11116 ............... I 1.W 

I iheville: 
Nn, 1. base station, eleva- ................. ! .......... 

A! 

32 3 
33.3 
34. .5 
33.9 
34.5 

30. I 
31.4 
32.5 
33.5 

30.0 

27.2 
29.0 
?A0 

2 31.3 
32. 6 

2 33. I ' 33. 8 

1 2G. 1 
I L1.9 
1 29.5 
I 98.S 

I xn.? 
131.1 
I :m!# 
2 32. G 

31. R 
33. 4 

mn 

I ~ 2 . n  

33. n 

:{n. 6 

nu. n 

Ro. 8 

: E 4  

3% 5 

2s. x 
29.7 
BO. 6 

313.4 

26.6 
27.8 
29.2 
30.6 

26.6 
26.4 
23.4 
25.3 
24.0 

30.1 

t n . 4  
38.6 

'29.0 
129.9 

125.7 
1 27.2 
1 '26.1 
126.9 

I 27.7 
I 3ur.n 
1 29.9 
I :m. R 
2 29. G 

LW. n 
311. 13 
30.4 

3 . 1  
27. R 
29.6 
.?n. 2 
30.9 

tion 2.445 
No.2. N ..................... 155 
No. 2a. S .................... 155 

No.3a,S .................... 390 
N0 .3 .N  .................... 380 

Byait-. i 
........................... I 

1-1 .P. ~ 5 :  I,-- station, elevs- 

.................. 3, N W  Y .................. 1 %  
P .................. I 600 

47.7 
49.6 
52.1 
51.0 

tlm s . m  
l o .  2. E- 
No. 

;e station, eleva- I 
3.2 
SI. 9 
46. I 
.io. 2 
49.8 

...... 
4% 
4.5n 
fi?5 _ _ _  ................... I N O . 5 , l  r; 

Bn.!3OU: 
wv 

,---- -. 
NO. I kse statinn. eleva- I 

tion' 1 Roo. ................. 
No.2. d; ................... I 
No.2a.S .................... 
N0.3 summit 

No. 1. base station, elcra- i 
tim 2 . ~ 1 . .  ............... .I. 

No.2N ..................... 
N0.3 N E  ................... I 
No. 4: summit 

1 haw station, elers- , 

............... I C ~ O  Rivhr: 

............... I 
tim'2.240.. ................ , .......... 

No.2 N. . .  .................. 310 
N0.3,N .................... 1 6% 
N0.4. N .................... 
No. 5, summit .............. .I 

N0.2. E I 

Glob: 
No. 1. baw slalion. rlwa- 

tion 1.6?5 ................. _I. 
No. 3. summit ............... I 

..................... 

4% 5 
49.7 
M. O 
52.3 

......... 
3ng 
3%5 
970 

46. n 
49. 6 

51.3 
51. n 

......... 
1W 
400 

1.1w 

4% 2 

51. x 
51.0 

.-.- ;! 2 
1 . w  
1,7(ilI I 

51.1 
55.0 
55.9 

.......... 
3 M  

1.m 
'%I. 1. basestat.ion. rlrvation I 

No. 5, summit ............ .._I 

1400 ......................I .......... 
Nd.2,NE ................... 2W 
No.3,S ..................... I 615 

l.n40 
NO.4,~.roldl;Pr'E.inc~~v). .  s.in 

46.3 
N). 3 
53.3 
54. 8 
57. n 

1 Three-year average. STwcFyear average 
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48.2 
51.3 
49.: 
51. - 
41.4 
43.8 
45.1 
46.3 
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TABLE l.-Monthly and aivnual armage rninimrmi tmiperatrires, l~lS-1.9164‘on~nued. 

37.0 
4i.n 
39. n 
40.6 

30.4 

35.9 
36.9 

!4.9 

- 
Hendersonville: 

No. 1. base station. eleva- 
tion 2,200 .................. 

No. 2 E ..................... 
No 3 ’ E  ..................... 
No: 4: summit ............... 
No. 1, base station, elern- 

tion 3,3 50... .............. 
No.2, S E .  .................. 
No 3 S E  ................... 
NO: 4: SE ................... 
NO. 5, BE ................... 

Highlands: 

Mount Airy: 
No. 1, base station, rleva- 

tlon 1,340 .................. 
N0.2 ,W .................... 
No. 4. summit ............... 
No 1 base station, eleva- 

No. 2, W... ................. 
No 3 W .................... 
No: 4: summit ............... 
No. 1. base station, eleva- 

tion 9.W.. ................. 
No.?, SE ................... 
No 3 SE ................... 

No. 1, base station. elera- 
tion 1.24 I)... ............... 

No.?, N .................... 
No 3 N .................... 
No: 4: W .................... 

NO.3,E ..................... 
Traason: 

tim’2.9 m... ............... 

Tryon: 

NO: 4: SE ................... 
Wilkesboro: 

50.6 
53.8 
62.2 
47.7 

Helght 
of slope 
station 
above 
base 

(reet). 
- 

........ 
450 
800 
750 

........ 
200 
325 
525 
725 

........ 
180 
16il 
360 

........ 
ljll 
:m 
450 

........ 
3m 
57n 

1,lIw) 

........ 
150 
350 
43n 

._ . __ 

37.3 
44.3 
43.0 
40.8 

J8nU- 
UW. 

I 28.9 
I 30.7 
131.5 
131.7 

1 32.2 

I1.8 
I 29.0 
128.6 

R3.0 
34.3 

33.9 

2s. s 
1). 6 
30.4 

l 3 . 1  

34.7 

37.6 
35. 8 

31.6 
33.1 
34.2 
34.2 

133.0 

34. n 

3 8  1 

_ _  _- 

I 

-- 

1 27.3 , I 28.3 
I 81.3 

129 P I I m.7 
I :10. 9 

I 28. 5 ! 

I 30: 0 ! 

1259  
131.1 
1 0 . 4  
I 25.9 
125.7 

3n. o 
31.4 
311. 8 
311. r) 

24.7 
26.4 
26.8 

I 27.2 

3‘2.3 

34. 8 
33.3 

28.8 

51. 8 
31.4 

SG. n 

30. 4 

.. 

130.4 

124.4 

I 25.4 

I 30.2 

126.0 

34.6 
35.6 
35.3 
31.7 

28.4 
3 . 8  
29.8 

1 27. 8 

:z. 9 
39.4 
3s. 1 
36.2 

.=.a 
35.2 
36.2 
35.8 

- .. - 

April. 

- 

38. 8 
41.7 

44.6 

44. ? 
44.2 
34.6 
41.2 
41.5 

44. n 

45. n 
47.2 
46.4 
46.8 

88.3 
41.4 
41. s 
12. o 

44.7 
91. R 
49.7 
17.5 

43. 4 
45.7 
47. 5 
4 i .  4 

I Threeyear average. 

It is to be noticed tha.t, alniost withnut. exception, 
both monthly and annual nieans of the INija-y slope 
stations are hi her than those of t,he base. clue to what 
are generally Enown as 6 1  inversions 9 ’  of temperature. 
Doubtless readers of t.he REVIEW are fully cognizant of 
the significance of this term, but in the; interest of those. 
who map be less familiar with the subject,, the following 
is offered: 

Many observations on mom tains rlnd in balloons hare 
shown t.ha.t on the avemge. the teniperat,ure of the free 
air, when dry, diminishes ahout 1’ I?. for emry 300 feet 
of increase in elevation. There are, however, ninny 
exceptions to this rule, as when the air instead of growing 
colder with increasing elerat.ion ac tunlly become: warmer 

to a certain level, and then grows colder. This “1 p enonienon is known as an “inversion” ancl the ra.t,e 
of warmin with increase in altitude or cooling, as t,he 
case may %e, gives what is known as the vertical t.eiii- 
perature gradient. English meteorologists have recently 
come to use the term “lapse-rate” or “lnpse” line to 
indicate the change of temperature with height. 

The esplanation of temperntiire inversions is found in 
an analysis of the relations which esist between the 
temperature, t.he pressure, and the volunic of the ntnios- 
phere considered as n gas. Since the nt.mosphere is 
unconfined and subject to the perturhntions introduced 
by the chan ing solar heat, diversified terrain, bhe 
presence or a E sence of lmge hodies of water and ot.her 
causes, it  is difficult to present. a clear pict.ure of the 
conditions m-hich produce the mwniing and cooling of 
the air within a valley or upon a plateau. In general, 
it may be said t,hat die atmosphere gets colder with 
elevation owing. to it,s transparency to solar racliat,ion : 
it is heated niainly at  t,he bottom, or tit the surface of 
the earth ancl because nt orclinwy tenipemtiirc it enzits 
more radiation than it absorbs. 

May. 

47. s 
9). 8 .w. 1 
51. 2 

53.2 
53.4 
43.4 a. 7 
51.4 

53.6 
57.2 
.55.6 
58.6 

46.4 
51.2 
51.2 
$2.3 

M. 8 
60.4 
55 8 
56. Y 

.E. 1 
54.9 
57. (I 
57. a 

- 

June. 

- 

55.4 
57.7 
58.7 
59. :3 

5% 3 
5% 5 
49. 4 
.K 6 
.%. 5 

60.5 
m.1 
61.8 
6’1.6 

51.3 
56.7 
67.2 
57.5 

63.0 
65.7 
64.2 
Gl. 9 

59.2 
811.6 
62.3 
62.6 

July. 

_- 

.is. Pi 
61.1 
61. 8 
62.6 

61.6 
61.7 
53.5 
5 5 5  
59. S 

64. n 
66.3 
61.7 
BB. n 

:,7. ?1 
r i .  8 
60. G 
BO. 8 

66.7 
69.0 
67.5 
65. 0 

63.3 
GI. 4 
66.2 
66. .i 

...... 

August. 

- 

.w. s 
6il. 5 
61. 4 
61.6 

81. n 
53. n 
61.4 

57.6 
5s. 7 

63.4 
6t.7 

64.9 

.%. 6 
-59.2 m. 8 

61. n 

w). n 

68.3 
67.6 
66.4 
61. 4 

02. R 
fii.7 
85. 0 
6.5.6 

Se tern fer. - 

51.8 

54.7 
55.5 

55. 2 
55.3 
45.7 
51.3 
5’2.6 

-56.3 
5% s 
57.6 

53. n 

5a 8 

48.8 
52.0 
.i?. I 
54.2 

.is. 5 
61. 4 
59.9 
53. II 

.Y>. 6 
56.2 
5% 1 
.-A :1 

. . . . .  .- 

I 
jctober. I ’Em- 

I 

i 
47.0 I 38.0 

=Erm- Annual. 

I -- 

27. I 

30.1 
% 

30.7 
31.8 
23.4 
27.2 
25.6 

Rn. 2 
32.2 
91.8 
31.8 

24.5 
26.8 

27.3 

32.8 
35.9 
34.4 
33.8 

29.0 
30.7 
32.2 
33.3 

27. n 

-_ 

42.0 
44.7 
46.2 
46.9 

45.1 
45.6 

41.6 
12.5 

46.3 
4R 6 
47.6 
48.2 

37. n 

40. n 
42.8 
43.2 
43. s 

48. 1 
51.8 
m. 5 
48. 8 

45. n 
46.7 
4s. 5 
48.6 

For pnicticd purposes one is not so niwli concerned 
wit,li 1111 esplnnat.il in of t.he plienoinenon ns with the 
fnct of its c~ccurre~we nitore frtqu(wt.1y :it onc time tiiid 
place than at  :mother. 

Returning now to :i. consideration of tdie nic;m mini- 
niuni temperiitures nn t.he Ellijay slope, 8s well as those 
of other slopes in t,he investigated region, tis found in 
Tn,ble 1, it is npfarent that there is a pronounced sensonnl 
influence on t e scvem.1 shpes, part,iculitrly on those 
chamcterizeil by temperature inversions. On all of 
t.hese t,he months of April, Ma.?‘, October, m t l  November 
show the greatest nrrrnge cliff erence between base and 
summit.. Blantvre, Blowina Rnck, Bryson, Cane River, 
Ellijay, Globe, Gorge, Hen~ersonville, and Trnnson are 
esaiii les of marked differences between base and sum- 
mit, t e latter bein the mn.rnier. 

A second point o interest in the figures of Table 1 is 
t,he fact that on the slnpes of Altnpass, Blowing Rock, 
Highlnncls, and in less clegrce Tryon, t,he ininlllluni tem- 
perature s t  the base st.at,ion, on the average, is hiqh.tr 
t.han that on the summit or the reverse of the conditions 
t,hltt previi.il at the ot.her slopes. The ex lanat’ions for 

Cos; .t cnn refer t.o only t.he niost iniportant in t,his 
reriew. At, Altapass t,he base station 1:wks some of t.he 
c1iarn.ct.erist.ic.s of n. true base st,at,ion; at. Blowing R.oclr 
the topography is the controllin fnrtor; at  Hi hlands 

the Waldheim, the former, in which the base station is 
situated, is on a. south slcqx and warni for its altitude. 

In order to ascertain the frequency -a-ith which inver- 
sions occur on t,he Ellijay slope, I have tabulated, and 

resent in Tdde 2 below, the individual differences 
Retween the base nnd slope stations for four different, 
months, first, May, 1914, a month of fre uent and, in 

9 E 

t,hese ubnornia.1 showings nre givcn in ful P by Professor 

bhe stations are locnt,etl in two orc B ards, t,he Satu Y a.h and 

some cases, large inversions; (2) Novem a er, 1914, a 
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month of the same character, but in a different season; It is further remarked that the lar est number of inver- 

as representing a sumnier month. The figures in the was 560, in 1913, and that the largest number on a single 
columns headed “base” are the minimum temperatures slope for the four-year period was 743 on Ellijay. Inver- 

(3) January, 1916, a winter month, and (4) July, 1915, sions noted on all of the six longs f opes in any one year 

TABLE !?.--Tenapeiaticre diflki-encea brlii-een bmc and slope atations on Ellijay Slope for the month mid days a8 a h m i .  

[Figures without sigii indicate the amount the slope station is above the base; minus signs, below.] 

I Malay, 1914, many large inversions. November. 1914 many large 
inversi6ns. 

January, J916. typical winter 
mversiom. 

July, 1915, typical 8-w 
Inversions. 

note. I,, - 
Yo. 5. 

- 
!To. 5. 

~ 

YO. 5. 

- 
io. 5. 

- 

lo. 4, 
- 

17 
18 
15 
18 
17 
18 

9 
0 
6 

13 
17 
9 

11 
-1 
-5 

0 
7 
4 

-6 
3 
8 

11 
14 
18 
14 
14 
9 

-6 
-4 

a0 

..... 
a i  

- 
lo. 3. 

-3 
1 
5 
9 
6 

-1 
0 

-3 
-5 

1 
U 
1 

-5 
-3 

1 
-3 
-5 
-3 

0 
2 

10 
-3 

3 
6 
4 

-1 
-1 

3 
1 

-3 
--I 

0.3 

- 

- 

- 
h e .  

- 
lo. 3. 

2 
-1 

3 
1 

-1 
4 
5 
4 
4 
1 
2 
6 
3 
4 
1 
3 
6 
4 
3 
3 
3 
3 
2 
3 
4 
2 
2 
2 
4 
3 
3 

2. 8 

- 

- 

- 
(0.4. io. a. Base. Go. 2. io. 3. Base. io. 2. xo. 4. io. 2. 

2 
1 
3 
2 
2 
4 
5 
4 
5 
3 
3 
5 
4 
4 
2 
4 
5 
4 
4 
3 
4 
3 
2 
3 
3 
2 
1 
1 
1 
2 
1 

3.0 

- 
lo. 3. I No. 4, 

I 

40 
37 
41 
54 
59 
48 
45 
47 
45 
35 
44 
49 
M 
45 
39 
39 
42 
49 
34 
35 
25 
41 
44 
40 
49 
46 
54 
50 
50 
56 
55 

1 
2 
4 
1 

-1 
5 
2 
0 

-3 
2 
5 
6 
0 
3 
1 
3 
4 
2 
6 
4 
6 
5 
5 
4 
6 
4 
1 
2 
5 
a 
2 

3.0 

6 
9 
9 
1 

-5 
8 
8 
6 

-6 
9 

15 
13 
5 
2 
5 
9 

10 
2 

11 
15 
17 
15 
16 
13 
18 
12 
7 
9 

16 
U 

7 
8 
9 
0 

-6 
5 
8 
6 

-7 
11 
13 
10 
3 
5 
2 
6 
8 

-1 
11 
15 
18 
16 
12 
13 
10 
13 
8 

13 
18 
R 

26 
29 
33 
35 
33 
27 
30 
M 
35 
22 
25 
25 
34 
37 
51 
42 
15 
14 n 
7 

10 
21 
17 
16 
19 zu 
30 
35 
4.3 
M 

78.6 

..... 

6 
6 
5 
7 
7 
6 
8 
7 
0 
0 
5 
5 
4 
2 

-2 
-2 
-1 

1 
0 

-3 
-2 

7 
6 
5 
5 
5 
5 
4 

-3 
-2 

3.0 

..... 

9 
13 
10 
12 
15 
12 
13 
10 
0 
3 

10 
8 
6 
9 
u 

-7 
-1 

5 
3 

-3 
0 

10 
9 

10 
10 
S 
Y 

10 
-6 
-4 

6.1 

...... 

18 
16 
16 
15 
13 
18 
23 
9 

-1 
5 

14 
18 
9 

11 
0 

-7 
-2 

6 
3 

-7 
4 
9 

11 
15 
21 
18 
16 
5 

-6 
-6 

8.8 

..... 

- 

44 
54 
31 
2u 
28 
48 
49 
35 
29 
28 
48 
53 
45 
23 
25 
33 
15 
8 

10 
22 
33 
51 
29 
24 
35 
49 
51 
49 

‘ 51 
53 
58 

36.4 

0 
3 
4 
6 
5 

-1 
-1 

1 

2 
1 
2 

-2 
0 
1 

-2 
-2 
-1 

2 
3 
6 

-1 
3 
5 
4 
1 
1 
4 
2 
0 

-1 

1.4 

-a 

-1 
3 
7 
6 

10 
0 

-2 
-2 
-4 

2 
1 
0 

-6 
-5 
-2 
-4 
-7 
-1 

3 
4 

12 
-3 

6 
9 
6 
0 

-1 
3 
2 

-3 
-6 

0.9 

-3 
-1 

6 
9 
D 

-4 
-5 
-3 
-2 

0 
-3 
-4 
-8 
-2  
-3 
-6 

-10 
0 
5 
5 
9 

-8 
6 
8 
7 

-2 
-3 

0 
-1 
-6 
-9 

-a 6 

56 
56 
55 
59 
61 
47 
51 
61 
54 
59 
55 
61 
61 
56 
60 
59 
5s 
5s 
Bo 
60 
55 
50 
4.3 
51 
53 
58 
57 
59 
Bo 
Bo 
61 

56.8 

3 
0 
5 
1 

-2 
5 
7 
4 
7 
2 
2 
6 
4 
6 
3 
5 
8 
7 
6 
6 
5 
4 
5 
5 
6 
5 
3 
7 
6 
8 
7 

4.7 

1 
-1 

3 
0 

-3 
5 
5 
2 
7 
1 
1 
3 
2 
6 
3 
6 
5 
5 
6 
4 
5 
1 
I 
4 
5 
4 
3 
6 
3 
5 
S 

3.6 - 

3 
7 
Y 
2 

-2 
9 
5 
0 

-4 
6 

10 
9 
3 
3 
4 
7 
6 
2 

12 
9 

11 
10 
9 
7 

10 
9 
5 
6 

10 
5 
6 

0.0 

1.. .......................... 
2. ........................... 
3. ........................... 
4.. .......................... 
5. ........................... 
6.. .......................... 
7.. .......................... 
8.. .......................... 
9.. .......................... 

10.. .......................... 
11.. .......................... 
12.. .......................... 
13.. .......................... 
14.. .......................... 
15.. .......................... 
16.. .......................... 
17 ............................ 
18 ............................ 
19.. .......................... 
24. ........................... 
21.. .......................... 
22.. .......................... 
23.. .......................... 
24.. .......................... 
25. ........................... 
26.. .......................... 
27.. .......................... 
28.. .......................... as.. .......................... 
30.. .......................... 
31.. .......................... io I ii 

8.3 I 8.2 
I 

Means.. ..................... I 45.5 
I 

sions occur on the short slopes with about as great 
frequency as on the long slopes. 

the slope stations 
temperatures and 

INVERSIONS. 

Frequ.ency.-In the above table the impressive facts 
are the almost complete reversal of the usual rule of a 
decrease in temperature with increase of altitude during 
both May and November, 1914; a diminution in the 
amplitude of the rariations in winter as eshibited by the 
record for January, 1916; and the tendency in t,hat 
niont,h for the nntaral rule to ohhin at  the highest. station 
at which the mean minimum was 0.6O lower than at  the 
base station, and finally, the rather regular occurrence of 
small and? erhaps, uniniport.ant variations in summer as 

When the observn-tinns of t,he four-year period are com- 
bined into a general mean, t!ie resdts as shown in the 
graph Fiaure 3 appear. This figure gives the average 
monthly efrec uency, int,ensit,y, and t,he estreme ran e of 

with, that, on all the slopes May and November are the 
months of t,he greatest frecpenc and August of the least. 

eatest in November with a second masiniuni in April. 
Fhe est.remes are found on the Tryon slope where winter 
inversions are of greater magnitude t.lian those of spring. 

shown by t K e record of July, 1915. 

inversions. ‘rt may be remarked in connection t f iere- 

The intensit,y of inversions, E owever, appears t.o be 
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TABLE 3.-Length of gmuing a e m n  . 

Prinapsl and slope station; elevation of base stations above mean sea level . 
Height 
of s!ope 

'ztFt 
base 

(feet) . 
AltapaSS: 

No . 1 (base) elevation 3. 230 ..................................................... 
No 2 SE ............................................................. 
No' 3' SE ............................................................. 
No: 4: S E  ............................................................. 
N0.5, S d t  ........................................................ 
No . 1 (base) elevation 2, 445 ...................................................... g; 2aNi ............................................................. 

Meville: 

No . .............................................................. 
No.31r,S .............................................................. 

No'3'NW ................................................ : ........... 

.............................................................. 
Blantyb: 

N a 1 base) elevation 2, ow) ...................................................... 

N d. 4: NW ............................................................ 
No . 1 (base) elevation 3, 130 ...................................................... 
No 2 8 ............................................................... 
N d  3: SE.( base) ...................................................... 
No 4 SE ............................................................. 
N d. 5: SE ............................................................. 

N o 2 W  b ............................................................ 

Blowing Rock 

250 
500 
750 

1, OOO 

155 
155 
3 M  
3S0 

3ou 
450 
6M) 

450 
450 
625 
<W 

Apr . 4 
. .do .... 
..do .... 
. .do .... 
. .do .... 

a 

Apr . 10 
.4p r. 21 
..do ... 
. .do . .  . 
Apr . 27 

Apr . 21 
Apr . 28 
..do. .. 
..do ... 
-.do. .. 
Nay ?O 
.4pr . 21 
..do.. . 
..do.. . 
May 11 
. .do. .  . 
May 'Lo 
Nay 11 
. .do.. . 
May 12 
Apr . 91 
Apr . 2s 
Apr . 21 
May 20 
May 11 
Apr . ?f~ 
..do.. . 
Apr . 25 
Apr . 21 
..do.. . 
Apr . 93 
Apr . 9 i  

Apr . 22 
Apr . 11 
Apr . 21 
May 12 
May 11 
. .do . .  . 
Apr . 21 
. .do . .  . 
..do.. . 
Apr . 30 
Apr . 3 
..do .... 
. .do . .  . 

Oct . 2s 
Nov . 15 

Nov . 15 
Oct . 27 

Oct . 2 i  

. .do . .  . 

. .do . .  . 
June 14 
Apr . 29 
. .d  0.  .. 

201 
219 
19:) 
21Y 
l!N 

100 
195 
195 
193 
195 

173 
IM 
190 
194 

1 8  
1 8  
15s 
1 8  
1 8  

190 
l!M 
1W 
-w 
178 
lS9 
1 SY 
1 rjy 

190 
190 
181 
194 
1S9 

196 
219 
207 

190 
190 
180 
219 
?m 
220 

190 
189 
194 
194 

194 
193 
135 
189 
189 

201 
219 
?I9 
219 

15s 
1 s  
189 
189 

213 
232 

207 

2m 
212 
219 
226 

% I  

Apr . 21 
Apr . 10 
Apr . 21 
Apr . 10 

June 11 
May 11 
. .do. .  . 
..do.. . 
Apr . 27 
. . d o . .  . 
. .do. .. 
Apr . 22 
Apr . 11 
Apr . 10 
..d 0. .. 

Allr . 10 

Apr . i n  
Apr . 4 . .do ...... . .do ...... 
. .do ....... 
I p r  . 19 
A y r  . IU 
Apr . 4 . .do ...... 
Apr . 10 . .do ..... 
Apr . 1% 
Apr . 15 . .do. .... 
.%pr . 19 
Mar . 3 . .do ..... 
Mar . 2s 

Apr . 1Y 
Apr . 11 . .do. ..... 
Alir . 13 

Alir . 1s 
.\Qr . G 
Apr . 4 . .do. ..... . .d 0. ..... 

b 

Oct . 2 
OCt . 9 
Oct . 10 
Oct . Y .. .do .... 
Oct . 2 
Oct . 9 . . .do. .  .. . . .do. .  .. ... do. ... 
Sc t 22 

Oet . 9 .. .do. ... 
Oct . 1 
Oct . 0 
Sept . 20 
S e j t  22 

.. .i 0 .  ... 

... L: ... 
SeJJt . ?2 
Oct . 2 .. .do. ... 
Oct . 9 

Oct . .. .do. ... 
Sept . 31) 
Se t 22 

Oct . 9 
... do .... . . .do. ... 
Oct . 10 ... do ... ... do ... 
Oct . 2 ... do ... ... do ... 
Oet . 10 ... do ... ... do ... 
Se t ?2 

.. .do ... 
Oet . 9 

Oet . 10 
5ept . 22 
sspt . 21 
Se t . 22 
Oct . 10 ... do ... ... do ... ... do ... 
Sept . 2U 
Oct . 2 
Oct . 1 
Oct . 9 

Oct . 21 ... do ... ... do ... 
Oct . 9 

Oet . I1 
Oct . 10 ... do ... 
Oct . ?o 

scpt .. 2 

... L. ... 

... $0. .. 

... io. .. 

.. .do .... ... do .... 
.do .... 
.do. ... 
do .... 

Oct . 2% 
Oct . 27 
.. .d 0.  ... 

.do .... 
... do .... 
. .do.. .. 
Hcpt . L? 
Oct . 27 
..do. ... 
Oct . ?Y .. .do. ... 
..do. ... .. .do. ... 
Oct . 27 ... do .... 

.do .... .. .d 0.  ... 
Oct .. 2s 
.. .do .... 
Oct . 27 
.do. ... 
.d 0. ... 

c i d  

i 

Apr . 2-2 
. .do .... 
May 5 
Apr . ?6 . .do ...... 

I 
AQr . Y Oct . 15 
.4pr . 1'' I Ort . x 
..do. .... Or1 . ?0 
Apr . 16 I @et . ?:I 
. .do. ... Oct . 19 I 

Oct . I4 
Oct . 17 
scpt . ?3 
Oet . i 
.do .... 

Apr . 14 Oct 15 
.4D r. 16 I UCt: 2U 

Bryson: ...................................................... ............................................................. 
NO ........................................................ 
No . 1 (base) elevation 2, 650 ...................................................... 
N o . 2 . N  .............................................................. 
N0.3 N E  ............................................................ 
No . 4: summit ........................................................ 

Cane Rlver: 

E1llK 1 b) elevation 2,m ..................................................... 
No: 2 . k  .............................................................. 

N 0 . 2 8  .............................................................. 

No 3 N .............................................................. 
No . 5, summit ........................................................ 
No . 1 base) elevation 1, 6 25. ................................................... 
No . 3: summit ........................................................ 

N o 2  N . 2  ........................................................... 
No' 3' S ............................................................... 
No . 4' N E  . (new) ..................................................... 

No . 1 (base), elevation 2, 200 .................................................... 
N o . 2 E  .............................................................. 
No . 4: summit ........................................................ 

N0:4:N .......................................................... .... 
Globe: 

G"%b 1 (base , elevation 1, .................................................... 
N0.4'N . (old) ........................................................ 
NO 6: SptUUit . ........................................................ 

HWldeROnvllle: 

N0.3'E .............................................................. 

. I . .  ~ 

. .do ...... .do. ... 

. .do. .  .... .d 0.  ... . .do. ..... .d  0.  ... 

SS3 
3s 
570 

190 
Mo 

1.100 

310 
(i2U 

1.240 
1, 700 

300 
1, OOO 

290 
615 
Luo 
SI0 

1, 

450 
OM] 
750 

Apr . 30 Oct . s 
Apr . 16 OcC . 7 
A m  . 12 Oct . 17 

A r 10 a&: 20 
. .do.. .. 

..a0 ... _ I  Oet . %I 

Oct . 23 
NOV . ir, 
Oct . 27 

Apr . 19 

Apr . 4 .. .do. 

Apr . 14 

Alir . ?s Oct . S 
Apr . 11 Oct . 13 
Apr . lti I. . .do .... 
AlJr . Y fit . ?u 

Oct . % 

... do ... ...... do. .. 
OCt . 27 

May 5 Oct . B 
Apr . 32 Oet . 14 
Apr . 1Y ... do .... 
Apr . 22 !.. .do. ... 

No . 1 (base). elevation 3.350 .................................................... 
No 2 SE ............................................................. 
No' 3' SE ............................................................. 
No' 4' SE ............................................................. 
No: 5: S E  ............................................................. 

Mount Alrv: 
se). elevation 1.3 40 .................................................... :::; % ... ........................................................... 

NO . 3: E .............................................................. 
No . 4, summit ........................................................ 
No . 1 (base). elevation 2,970 .................................................... 
No.2 ,W .............................................................. 
N0.3 W .............................................................. 
No . 4: summit ........................................................ 
No . 1 (base). elevation WXl ............................................. 

TraIWll: 

T T p l :  

Apr . 17 I Oct . ?O 
Apr . 6 Oct . ?G 
Apr . 8 ! Oet . ?o 

2m 
325 
525 
7% 

160 
160 
360 

150 
300 
450  

Apr . 27 Oct . 10 
Apr . 2 Oct . 15 
Apr . I9 .. .do. .. 
Apr . Y I Oct . 26 
..do. ...... do ... 

Apr . I i Oct . s 
Apr . 22 I .. .d  o. .. 
Apr . 10 j Oct . 12 ... do ..... Uet . 20 

. .do. .. .( .. .do. .. 

A dr: r 28 4 
Apr . 4 
Apr . 5 

... do. ..... .do. .. 
. .do .... Oct . 12 
May 29 Bept . B 
Apr . 20 Oct . 3 
Apr . ?2 Oct . 7 i 

Oct NOV . . 25 15 ... do .... ... do ... 

Apr . 11 I Oct . 1s 
Apr . 4 . Oet . ?6 
Apr . 11 i ... do.. . 
Apr . S I .. .d o .  .. 

May ;'I, Apr . -_ .. .do. ..... 
Apr . 19 

Sept . 23 
Oct . 14 
.do. .. 

Oct . 17 

AT: 10 
Nov . 2 

h ar 30 I Nov . S 
. .do..  .. Nov . L 
Apr . 6 I Oct . 3 

AQr 1Y 
Apr . 11 
Apr . 10 
Apr . 4 

Apr . IS I OCt . 15 
Apr . 6 @ct . 24 
..do.. .. Oct . % 
. .do . .  .. Nov . i) 

Sept . 27 
Oct . 27 ... do ... ... do ... 

AQr . 11 
alar . %I 
. .do..  .. 
. .do. .  .. 

... do ... 
NOV . 8 
Nov . 15 
Nov . 16 

ADr . 18 I Oct . 28 
Apr . 10 ... d 0. .. 
A r . 4 ... do ... 
N% . 29 I Nov 15 
Mar . 21 Nov . 16 
. .d 0. ...... do ... 

.. .d 0.  ..... .d 0. .. . .d 0. ..... .do. .. 
May 10 Sept . 20 
Apr . 5 i Oct . 27 
Apr . 13 I ... d u. .. 

APRIL. 1993 

I 

175 
188 
1s 
175 
1 74 

173 
176 
176 
176 
17G 

1 8  
154 
185 
1% 

162 
162 
130 

:E 
133 
175 
IS7 
1s 

131 
102 
174 
156 

148 
169 
1 S% 
175 
177 

178 
181) 
lss 

157 
163 
163 
189 
189 
IS9 

153 
147 
147 
176 

175 
147 
100 
140 
I46 

184 
189 
184 
189 

103 
162 
162 
162 

182 
207 

1% 

177 
189 
189 

207 

mi 

184 
157 
187 
187 
187 

101 
174 
15 
191 

175 
178 
141 
1g1 
1M 

163 
1% 
150 
195 

175 
178 
175 

106 
111 
190 
1% 
15 

186 
203 
195 

172 
176 
179 

201 
201 

168 
169 
179 
187 

187 
179 
117 
186 
168 

190 
205 
198 
201 

129 
175 
175 
181 

2m 
2% 
?20 
197 

15b 
2(y( 
m 
211 

1.n 

mi 

(a) Date of last freering temperature in sprlng during four-year perlod . 
(b) Date of first f-1 
(c) Four-year average%ta o&) . 
(dJ Four-year average date of (b) . 

(e) Earliest date of last Iree+g temperature in spring during four-year period . 
(I) Latest date of nrst freevng in autumn during four-year period 
I j Length i n  days of longest growing season . or interval between'(aj and (b) of same year . 
$1 Length in days or short+ growing season. or interval between fa) and (b) of same year . 
(IJ Average length of growing season. or interval between I C )  and (d) . 

tern rature in autumn dunng four-year pedod . 
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TOP FREEZES AND NORMS. 

Under the above ca tion Professor Cos  discusses those 

of cyclones sweep over the terrain, bringing low tempera- 
ture alike to mountain top, slope and valley below. 
These winds are characteristically cold and blow with 
sufficient force to dis lace an warm air that may still 
linger on the valley loor. T$e pressure gradient upon 
which these winds depend is greatest, of course, in winter 

J ' F  M A M J J A S 0 N D 

cases where cold nort 1 and northwest winds in the rear 

FIO. 4.-Monthly frequency sud average and extreme degrees of nonu on six long slopes. 

and naturally the incursions of cold air are most fre uent 

the year is shown in Figure 4. 
in that season. The average distribution throug 7l out 

duration o f temperatures below 32". The numbers are 

HOUR-DEGREES OF FROST (HF") 

Hour-de rees of frost is the term used to express the 

obtained by measuring with a planimeter the area on the 
thermograph trace sheets between the 32" line of the 
sheet and the course of the curve when it passed below 
that line. The author presents two graphs-Figures 5 
and 6-which illustrate graphically the number of HF" 
at  the stations on the various slo es. Figure 5 shows 
that the largest number of HF", P or 10 selected inver- 
sions, was 173 at station No. 3 in the Waldheim orchard 
-a station in a frost pocket in that orchard. 

AUTHOR'S CONCLUSION. 

"It should be apparent from the data presented in the 
discussion that mmimum temperature and its duration 
are the chief factors involved in the growing of fruit in 

the North Carolina mountain re 'on, just as they are in 

moisture is supplied through rainfall or irrigation. 
" However, masimum temperature is often a consider- 

ation. It has been shown that the maxima are much 
higher in the winter on a southerly than on a northerly 
slope and in all seasons of the year higher on a west- 
erly than on an easterly slope. But relative1 high 
maximum temperatures are not always to be &sired. 
Where the maximum is abnormally high in the winter 
and spring, so as to force the buds prematurely, there is 
danger of damage from ensuin frosts or freezes, some- 

not rise so high. In any case, shade must be avoided 
such as noted in the upper portions of the orchards at 
both Asheville and Cane River, because it not only pre- 
vents necessary sunlight, but also serves to reduce the 
sensible temperature after precipitation to a lower point 

any other orchard region, provi f ed, of course, sufficient 

times in contrast with slopes w f ere the maximum does 

PIG. O.--Average uumber of hour-degrces of frost, 10 selected inversions. 

than that shown by the thermometer through the reten- 
tion of the moisture on the vegetation and fruit. 

" S O  far as the minima are concerned, it is obvious that 
great care should be taken in the selection of n site for 
tm orchard. Valley floors must in ne.arly all c.ases be 
avoided. There the temperature on critical nights of 
inversion often falls 15" or 30°, and sometimes even 25O 
or 30", lower than higher up on the slo e. 

Wide floors, such as those a t  Blantyre and Bryson, sur- 
rounded b high mountains n t  some little distance, where 

what colder thanother floors closely shut in, such as at  
Ellijay. The latter is not, indeed, warm, but its slightly 
higher minima as compared with Blantyre and Bryson 
are due to obstructed radiation, although the area of 
radiating surface in the immediate vicinity of the closed- 
in floor is unusually lar e, but not sufficient to offset the 

'iValley floors similar to those at  Tryon and in the 
Flat Top orchard a t  Blowin Rock have been shown to 

elevation above sea level, both relatively warmer than 
Elli-ay, and this, too, in s ite of the fact that the floor 

age minima at  Tryon, as well as Blowing Roci, are due 
to the prevalence of the nocturnal mountain breeze down 

''Some valley floors are, moreover, c.0 P der than others. 

the loss of T I  eat through radiation is quite rapid, are some- 

obstruction referred to 73 y raising the sky line. 

he warm on certain nights o 7 inversion considering their 

at  1 i yon, especially, is wi 2 e. Ho'wever, the hi her aver- 
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the slope and valley from the great surface area!around 
ni hts of inversion, when 

conditions are not favorable DwiT or t % e mountain breeze, the 
the summer station. 

tern erature falls a t  these two places com aratively low. 
“ h l e  the great area above is responsifle for the noc- 

turnal breeze and the raising of the minima on the floor, 
it, at  the same time, causes low tem erature at the higher 

proportion to the air avallable for interchange, so that 
on such slopes as these two, as well as at Altapass, the 
upper levels are cold and the valley fl0oi.s often compara- 
tivel warm. 

“$his research has shown that the mountain breeze 
does not develop at  night and flow down a valley unless 
there is gmat surface area around the summit station. 
On no valley floor where the slopes culminate in h o b s  
has the nocturnal breeze been noted. The thermo aph 
traces on the floors at  Biyson, Blantyre, Ellijay, &ge, 
Cane River, and Mount Airy, all with small mass, never 
show any sign of the mountain breeze. Before such a 
breeze develo s a relatively large amount of heavier and 
potentially co f der air above must form, and this can only 

levels, because of the l aqe  area o P radiating surface in 

FIQ. 0.-Average number hour-degrees of frost, 10 selected norms. 

develop over a plateau-like surface. There is no oppor- 
tunity for such development over a knob. Where the 
highest points are mere peaks or knobs, they partake of 
the temperature of the free air surrounding and are 
always relatively warm on nights of inversion, and this, 
too, in s ite of the fact that a h g b  is best situated topo- 
gra hica s IT for loss of heat through radiation, as its angle 

‘(The descending nocturnal breeze may pro erly be 

slope and mixes with the cold air of the valley floor, and 
it is entirely unlike the slow exchange of free air over a 
valley with that resting on a slope. The cold air some- 
times collects on benches or coves on a slope, and when 
great difference in density exists between it and the 
neighboring free air the cold air slips off and passes down 
the slope, lmmediately giving place in turn to warmer 
air. Such a henomenon has often been observed a t  

Fodderstack. 
. “Coves and even shelves or benches on slopes should 

be avoided so far as practicable in the planting of fruit 
trees because of the low night minima, making possible 
the formation of frost there, while other portions of the 
slope entirely escape. 

of P ree radiation may esceed even 1 S O O ‘ .  

compared with a waterlike flow as it passes 2 own the 

Blantyre on t R e descending slope near the base of little 

“Many to ographical conditions are involved in their 

the steeper the slope the warmer it is during nights of 
inversion. At the same time, if there is a steep slope 
directly opposite and close by, making the valley dee 
and narrow, the entire slo e will be relatively colcf 

becomes racticdly limitless, although, as already 

If this steep slope has no opposing slope and it culminates 
in a h o b  above, it will be relatively warm its entire 
length. A gradual slope is naturally colder than a 
steep one, and the nearer it approaches to the level of a 
plain the colder it is. 

in a knob no more 
than 500 feet in elevation the heig 5 it being insufficient to 
cause more than a degree or two difference in tempera- 
ture between valley floor and suniiiiit on ni hts of norm 
conditions, such as Bl t in t~~e ,  Bryson, and %fount Airy, 
the summit is the safest section for fruit growing, because 
during nights of inversion the highest minima are practi- 
cally always registered at that level. This usually is the 
case on slopes even up to leyels as high as 1,000 feet 
above the valley floor, ns Gorge and Cane River. It has 
been shown that the cent.er of the thermal belt on some 
nivhts of inversion is even as high as the summit of 
Ehjay, 1,760 feet above the valley floor, and on the 
average the thermal belt is centered more than 1,200 feet 
nbove that floor, due to the fact that the ortion of the 
slope lower down is comparatively cold. 8 owever, there 
is alw-ays greater danger froiii t,op freeze at  the higher 
elevations of long slopes, and these at Ellijay, for instance, 
have a greater number of H Fo on the average than the 
level of 600 or 700 feet above the floor. Usually on a 
slope havin an elevation of 1,000 feet or more above its 

of H F” from inversion and norm conditions combined, 
is from 300 to 700 feet, but on slo es having a very small 
grade and teriiiinating in a knog, as Gorge, the safest 
point is at  the very summit. 

“Moreover, if the summit at  Ellijay were immediately 
surrounded by .gent surface area at  that level, as at  Tryon 
and Altapass, instead of bein on a mere knob, it would 

ature generally over its upper levels, so that the leve of 
t.lie therinal belt would be correspondingly lowered and 
its width reduced to very small limits. Such a slope 
would indeed be a cold one practically from base to sum- 
mit, if there were high o 

“While the slopes at  E y s o n  an8 Blantyre are warm 
as compared with their respective floors durin nights of 

elevation, because they are located in vast frost ockets 

considera le eleration. Frost ockets must be avoided 
as far as racticnhle, whether awe or small. The one 
in the WrPdheim orchard at  Highyands, a small depres- 
sion or sink, although much unlike those at  Bryson and 
Blantyre, is nevertheless equally objectionable. 

‘‘An ideal slope for fruit growing is one of moderate 
elevation nbove sea level, the basic altitude var ing, of 

and culminating in a knob with no surrounding moun- 
tains, or if any, at  least, situated so far distant as to have 
no effect upon the temperature conditions of the slopes 
involved, such as Mount Airy and Wilkesboro, or the 
lower levels of a slope such as Tryon, which is warm be- 
cause of the absence of opposing dope and because of the 
influence of the nocturnal breeze, although its upper 

effect upon t R e minima on a slope. Generally speaking, 

rather than warm, up to t i e  f level where the free air 

stated, its % ase may be warmer than a wide valley floor. 

“On a short slope culniinatin 

floor the sa f est level, from the standpoint of the number 

P be much colder, and this woulc K serve to reduce the tein er- 

osing slo es close by. 

inversion, they are, nevertheless, relatively co B d for their 

formed b surrounding mountains which tower a E ove at  

P i 

course, in different portions of the country, fairy f steep 
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levels are cold on account of the great area surrounding 
the summit. 

“The subject of vegetation must be considered, dense 
ve etation being res onsible for weat loss of heat through 

than one lanted in grass. 

cessity for great care in the selection of a roperty for the 

f;oors of all kinds as far as practicable, unless means are 
available for orchard heating. The altitude above sea 

rafiation, and a cu P tivat,ed orcRard is therefore warier  

“The 1 ata presented in this study make plain the ne- 

The to ograp R y of a region is 
aramount. Frost pocfets shoul 9 be avoided and valley 

purpose of fruit growin 

statistics down to the end of 1919. Unfortunately, the 
author did not live to see the com letion of his work, 
but his daughter, Miss C. Maxwell 8 all, with the aid of 
M i .  J. F. Brennan, Government meteorolo ‘ t has faith- 
fully cmried the work to a conclusion. TEht part of 
the work is devoted to resenting the monthly and annual 

portions, viz, Northeast, Central, West Central, North, 
and South. The three subdivisions first named form a 
somewhat irregularly shaped zone extenclina almost en- 
tirely across the island from east to west, an> it contains 

avers es for a total o P about 250 stations well scattered 
over t 5 e island. The latter is divided into five unequal 

FIG. ;.-Length of growlng season. 

level is every case a consideration and, in a degree, the 
elevation above the valley floor. 

“All these questions must be given careful consiclerat,ion 
and the effect of one upon another weighed in the balance. 
No hard and fast rule can be made in the determination, 
as the factors involved are so many and so complicated 
that each site must be considered by itself.” 

THE RAINFALL OF JAMAICA.’ 

Under the above title is presented the third report on 
the rainfall of Jamaica by the same author, bringing the 

Met. Soc.. Government meteorologist. 
1 The ralnfdl of JamsiUr from about 1870 to 1919, by Maxwell Hall, M. A., F. Roy. 

50612-23-3 

the most elevated parts. The nverage’ielevation of the 
stations in the Northeast is 1,375 feet, and that subdivi- 
sion has naturally the greatest rainfttll; the nest subdi- 
vision in point of elevation is the West Central, with 960 
feet, and finally the coastal regions of both the north and 
the south of the island have an elevation of 472 and 490 
feet, respectively . 

The 50-year niontldy means for the island as a whole 
are presented in Table 1 below. 

In Table 2 will be found the annual amounts for each of 
the five principal subdivisions and for each year of the 
period 1870-1919. These data will serve as valuable ma- 
terial in the study of the secular variation of rainfall in 
the Tropics. 


